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Abstract: Postphenomenology adds to the intentional relationship between subject and object (as in phenomenology) the fundamental
mediated character through technologies. The focus in postphenomenology is on understanding the different roles that technologies play
in the relationships between humans and the world. This study’s objective is to assess the applicability of Ihde’s postphenomenological model
of human–technology relationships when exploring the impact of digital technologies on human–technology relationships in construction
processes. To accommodate the different forms of human–technology relationship, a mature digital technology was chosen as the subject of a
set of case studies: radio-frequency identification (RFID). Based on a literature review and interviews, the different roles that RFID appli-
cations play in human–technology relationships are explored in terms of the four human–technology relations proposed by Ihde: embodi-
ment, hermeneutic, alterity, and background relations. It is in the context of these relations that the impact of digital technologies in
construction in general is assessed. DOI: 10.1061/(ASCE)CO.1943-7862.0001719. © 2019 American Society of Civil Engineers.
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Introduction

Digital technologies have come to play a significant role in
construction. Building Information Modeling, augmented reality,
Internet of Things (IoT), Google Glass, wireless monitoring, and
three-dimensional scanning are all seen as promising digital tech-
nologies. With the growing influence of these technologies in con-
struction, analyzing their impact on users’ behaviors becomes
increasingly important since digital technologies change the rela-
tionship between the construction process and human behavior.
In information system (IS) research, a number of theories focus
on the relationship between human behavior and technologies.
Well-known user-acceptance models in IS research include the
technology acceptance model (TAM) (Davis 1989), the theory
of planned behavior (TPB) (Ajzen 1991), and the universal theory
of acceptance and use of technology (UTAUT) (Venkatesh et al.
2003). User acceptance models focus on a number of variables that
can predict whether a given user will accept a certain technology. In
Orlikowski’s (1992) structuration model of technology (SMT), the
focus is on interactions among institutions (structures), human
agents, and technology.

Exploring changes in human–technology relationships is also
the focus of the recently developed theory of technological media-
tion (Verbeek 2015; Ihde 2009). This theory considers specific
technologies and their possible implications for human beings.
The theory of technological mediation adopts a different standpoint
from both the instrumental view on technology (technologies
are neutral instruments in the hands of humans) and the determin-
istic view on technology (technology has a direction or essence

of its own and determines society). The central idea of technologi-
cal mediation is that technologies mediate and shape the relation-
ship between humans and the world they experience (Ihde 1990;
Van Den Eede 2011; Verbeek 2006, 2012). Goeminne and Paredis
(2011, p. 102) explain this as follows: “Technologies help to
shape how reality can be present for human beings, by mediating
human perception and interpretation; on the other, technologies
help to shape how humans are present in reality, by mediating
human action and practices.” In other words, humans’ perceptions
and interpretations of reality are transformed when the latter is
mediated by technology (Ihde 1990; Verbeek 2012). As Verbeek
(2001, p. 128) puts it: “Naked perception and perception via ar-
tifacts are never completely identical.” Technology is interpreted
as a medium through which users “relate to the world” (Alberts
2013).

In this study, this recently developed perspective of technologi-
cal mediation is used to explore the impact of digital technologies
on construction processes. Ihde (1990, 2009), one of the founders
of the theory of technological mediation, offers an analysis of par-
ticular, context-dependent, human–technology relationships. In his
approach to studying the impact of concrete technologies, Ihde dis-
tinguishes four distinct forms of human–technology relationship:
embodiment, hermeneutic, alterity, and background relations.
The objective of this study is to assess the applicability of Ihde’s
model, with these four human technology relationship forms, when
exploring the impact of digital technologies on human–technology
relationships in construction processes. To accommodate the
different forms of human–technology relationship, a mature digital
technology was chosen as the subject of a set of case studies: radio-
frequency identification (RFID). RFID systems have been widely
used in the construction industry over the past two decades
(Jaselskis and El-Misalami 2003; Yagi et al. 2005; Sun et al.
2013). RFID makes it possible to identify products in a construc-
tion process in real time by providing accurate information about
the location of materials.

First, the theory of technological mediation is explained, along
with its philosophical background and Ihde’s model of the human–
technology relationship. Second, various RFID uses in construction
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processes are categorized, initially through a literature review and
then through expert interviews exploring RFID use in practice.
Subsequently, the RFID applications found in both the literature
and in practice are analyzed by applying Ihde’s model with the four
human–technology relationships. Finally, the applicability of Ihde’s
model of human–technology relationships to digital technologies in
construction in general is assessed.

Postphenomenology and Technological Mediation

Phenomenology questions the modernistic separation of subject
and object and focuses on the intentional relationship between
subject and object: “The human subject is always directed at
objects: we cannot just ‘see,’ ‘hear,’ or ‘think,’ but we always see,
hear, or think something” (Rosenberger and Verbeek 2015, p. 11).
Postphenomenology adds the fundamentally mediated character of
this intentional relationship between subject and object to phenom-
enology: “there is no direct relation between subject and object, but
only an ‘indirect’ one, and technologies often function as media-
tors. The human-world relation typically is a human-technology-
world relation” (Rosenberger and Verbeek 2015, p. 12). Therefore,
“technological artifacts are not neutral intermediaries but actively
coshape people’s being in the world: their perceptions and actions,
experience, and existence” (Verbeek 2006, p. 364). As such, when
mediation takes place through technologies, these technologies
mediate human beings’ perceptions of their world and human
beings’ actions toward the world. Technologies in use are “medi-
ators” of the relationship between users and their environment or, in
other words, between human practices and experiences (Kudina
and Verbeek 2019; Verbeek 2005).

The focus in postphenomenology is on understanding the differ-
ent roles that technologies play in the relationships between hu-
mans and the world (Rosenberger and Verbeek 2015, p. 31). It
is in the context of these relationships that the impact of technol-
ogies on human beings is interpreted. With this emphasis on con-
text, postphenomenology views empirical studies (empirical work
of others or self-conducted studies) as the basis for philosophical
reflection (Rosenberger and Verbeek 2015). The importance of em-
pirical work in postphenomenology was inspired by the rise of sci-
ence and technology studies (STS) in the 1980s and 1990s, as
well as by the previous neglect of concrete technologies in the
classical philosophy of technology. This led to an “empirical turn”
(Achterhuis 2001) toward concrete technologies in the philosophy
of technology. Borgmann (1987) introduced the so-called device
paradigm to analyze the impact of concrete technologies on human
beings, Latour (1996) introduced actor network theory to study the
hybrid characteristics of human–technology relationships, and Ihde
(2009) and Verbeek (2006) started to use concepts from mediation
theory to study concrete technologies.

The purpose of empirical postphenonomenological studies is
“not to develop an accurate description of specific technologies,
but to investigate the character of the various dimensions of the
relations between humans and these technologies, and their impact
on human practices and experiences” (Rosenberger and Verbeek
2015, p. 31). For this investigation, various RFID uses in construc-
tion processes are categorized in this study, initially through a lit-
erature review and then through interviews exploring RFID use in
practice. This literature review and interviews are the basis for
philosophical reflection, using Ihde’s model, on understanding
the different roles that RFID plays in the relations between humans
and the world. Subsequently, it is in the context of these relations
that the impact of digital technologies in construction in general is
assessed.

Human–Technology Relations

The notion of perceptions being mediated addresses technologies
and how they mediate our perceptions and interpretations of reality
(Verbeek 2006). In this, four forms of human–technology relation-
ship are considered relevant. In an embodiment relationship,
human beings perceive the world through an artifact, but the artifact
is not part of the human’s attention (e.g., a pair of glasses). In a
hermeneutic relationship, technologies represent a specific aspect
of the world, and this representation is read and interpreted by hu-
mans (e.g., a thermometer). In an alterity relationship, the technol-
ogy itself is the center of attention (e.g., a ticket machine). Finally,
in a background relationship, technology helps to shape the context
through which one experiences the world (e.g., a thermostat). Tech-
nological artifacts also mediate human beings’ actions toward the
world through invitation and inhibition (Verbeek 2006). These two
dimensions of technological mediation are discussed next.

Embodiment Relationship

An embodiment relationship is a human–technology relationship in
which a technology is embodied by the human being (Ihde 2009).
Ihde uses a pair of glasses as an example to illustrate this kind of
relationship (Afyounian 2014). A person who is wearing glasses
perceives and experiences the world through them but does not,
per se, perceive the glasses. The glasses themselves are removed
from the person’s attention. They become “quasi-transparent”
(Ihde 2009, p. 42). As such, this relationship is related to Martin
Heidegger’s notion of ready-to-hand. Heidegger uses the hammer
to explain his concept of ready-to-hand (Dias 2006; Heidegger
1977; Verbeek 2005). To hammer a nail, Heidegger argues, human
beings “do not require conscious reflective knowledge about the
physical properties of a hammer and the physics of hammering.
The tool is ready-to-hand and we simply hammer the nail into
the wall” (Turk 2001, p. 87).

Ihde (2009) schematizes the embodiment relationship as fol-
lows: (Human–technology) → Environment. What this schematic
shows is how humans embody a concrete technology. For instance,
the schematic (Human–Eyeglasses) → World shows a human em-
bodying the glasses and, through them, perceiving the world. This
form of human–technology relationship is important since it shows
how a human’s perception of the world may be mediated by a tech-
nological artifact or, in other words, how technological mediation
in its embodied form shapes human perceptions (Afyounian 2014).
Furthermore, this technological mediation of perception transforms
what is perceived by the human being (Verbeek 2006).

Hermeneutic Relationship

The hermeneutic relationship is the second of Ihde’s human–
technology relationship forms. Hermeneutic means interpretative,
that is, meaning is not objective but only achieved through inter-
pretation (Rosenberger and Verbeek 2015; Turk 2001). The herme-
neutic relationship reflects how human interpretations of the world
may be mediated through technologies. In this relationship, tech-
nology provides humans with a representation of a specific aspect
of the world, and humans turn their attention to a technological
artifact in order to read and interpret the representation that it pro-
vides of the world (Verbeek 2001; Ihde 2009). Ihde (2009, p. 43)
depicts the hermeneutic relationship as Human → (Technology
World). This shows how a concrete technology provides a repre-
sentation of a specific aspect of the world, which is represented by
(Technology World). This representation is then read and inter-
preted by a human.
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Ihde (1990) uses a thermometer to illustrate this hermeneutic
human–technology relationship. The thermometer represents, or
amplifies, one aspect of reality, namely temperature, while other
aspects, such as humidity and ultraviolet (UV) radiation, are over-
looked or downplayed. However, there might also be other devices
that, for instance, represent humidity or UV radiation and overlook
other aspects of reality. In general, a technological artifact has the
capacity to transform a perception through amplification and
reduction. Consequently, the use of a particular technology causes
a person to experience a certain aspect of reality, that which is am-
plified, while simultaneously the experiences of other aspects of
reality are reduced.

Alterity Relationship

The third human–technology relationship considered is the alterity
relation. In this form, the technology itself is the center of attention.
That is, human beings do not perceive the world through technol-
ogy or by means of technology (as in embodiment and hermeneutic
relationships, respectively); rather, they are related to the technol-
ogy itself (Afyounian 2014; Ihde 2009; Verbeek 2005). As an
example of this kind of relationship, Verbeek (2005) uses the au-
tomatic train ticket machine. When a person buys a ticket from
such a machine, the focus is on the interaction between the buyer
and the machine. The buyer chooses the destination, checks the
available times, and so forth on the screen, pays the fee, and then
takes the ticket. Here, the person’s attention is focused on the au-
tomatic ticket machine—on the technology and not on the world.

Heidegger’s concept of present-at-hand helps to explain this
relationship (Heidegger 1977). This present-at-hand concept
was illustrated by Heidegger with a broken hammer. Afyounian
(2014) provides the example of a lost mobile phone connection
due to a dead battery. When such a failure takes place, the artifact
switches from being ready-to-hand to become present-at-hand.
The artifact is no longer embodied since it now directs attention
to itself. When a breakdown occurs, it might be necessary to do
something to the artifact so that it becomes “handy” again: reattach
the hammerhead to its handle or connect the mobile phone to a
power supply (Afyounian 2014). The relationship with the artifact
switches from embodiment to alterity. Verbeek (2008, p. 389) de-
picts the alterity relationship as Human → Technology (-World).
This schematic shows that the human’s attention is directed toward
the technology itself rather than to the world.

Background Relationship

The notion of a background relationship is the fourth form of
human–technology relationship. In this relationship, technology
is part of the context in which users experience the world, but it
does not have a central role in their interpretation of the experience
(Rosenberger and Verbeek 2015). Unlike in an embodiment rela-
tionship, in a background relationship the technology is not embod-
ied, and the world is not perceived through technology. Further,
unlike in an alterity relationship, the focus is not on the interaction
between humans and technology, and usually humans do not pay
attention to it (Ihde 2009; Verbeek 2005). Consequently, the tech-
nology fades into the background.

Ihde (2009) uses the thermostat as an example of the sort of
technology with which humans can have this kind of relationship.
The thermostat works in the background, keeping the room at a
certain temperature without human interaction. Initially, when a
person first adjusts the thermostat’s dial to a certain setting, he
or she enters into an alterity relationship with the thermostat,
but after this, attention shifts to other things and eventually a

background relationship is established between the person and
the thermostat. The schematic for this form of relationship is
Human–(Technology/World).

Technological Mediation of Action

Technological artifacts also mediate human beings’ actions toward
the world (Verbeek 2006). By means of technological mediation,
certain actions are invited while others are inhibited. Analyzing
how a technology invites or inhibits actions and behaviors makes
it possible to evaluate the effects of that technology. When a person
uses a technology for a specific purpose, the use of that specific
artifact invites or causes the person to act or behave in a certain
way and, at the same time, discourages acting in other ways.
By analyzing how a technology invites or inhibits actions and
behaviors, the effects of that technology can be evaluated.

This invitation and inhibition are the essence of the mediation
effect of technology on action. Technological artifacts have the
ability to direct people’s actions by invitation and inhibition. How-
ever, this does not imply that users always follow what is inscribed
in the artifacts or, in other words, follow the prescriptions. Invita-
tion and inhibition can be related to the concept of delegation as
elaborated by Latour (1992). That is, technology may enforce cer-
tain behavior in humans by carrying a script that guides users in
much the same way as a film script helps actors. In this way, action
is delegated from humans to things. The effect is one of mediation
since the technology may influence users or direct people in certain
directions.

The different forms of mediation, of perception and of action,
show how technology can mediate the relationship between
humans and their world. Using Ihde’s model, a literature review
and interviews on RFID use in practice are the first basis for philo-
sophical reflection on understanding the different roles that RFID
plays in the relations between humans and the world. It is in the
context of these relations that the impact of digital technologies
in construction in general will be assessed.

RFID Technology

Radio-frequency identification systems have been widely used in
the construction industry during the past two decades (Jaselskis and
El-Misalami 2003; Yagi et al. 2005; Sun et al. 2013). In its most
basic form, RFID is defined as “the process and physical infrastruc-
ture by which a unique identifier, within a predefined protocol def-
inition, is transferred from a device to a reader via radio frequency
waves” (Bank et al. 2007, p. 3). In such a system, a RFID tag will
be attached to (or placed inside) products and contains a unique
number that can be transmitted through radio waves to the antenna
of the RFID reader. This RFID reader obtains the identification of
the RFID tag, and thus it becomes possible to identify and locate
specific items throughout the supply chain in real time. By provid-
ing accurate information about the location of materials, RFID
improves the visibility of products throughout the supply chain.
In construction, RFID applications are also used for planning,
material management, quality and safety management, waste man-
agement, maintenance, and document management.

A typical RFID system includes several components. First, the
system has a RFID tag (consisting of an internal microchip and an
antenna) that constitutes the identification device of the system.
Radio waves are used to communicate this identification to a RFID
reader. This RFID reader may be subdivided into an antenna and
the actual reader, although they are usually combined in a single
device, such as a handheld RFID reader. Next, there is the RFID
middleware, the components that collect the information from the
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RFID readers, process this information, and share it with other ap-
plications of an enterprise system. Normally, this middleware is
linked to an internal or an external database.

RFID offers several advantages for construction processes
(Michael and McCathie 2005; Sarac et al. 2010; Sardroud 2012;
Li et al. 2017, 2016), described as follows:
• A RFID can be read through layers of packaging and functions

in harsh environments (including snow, rain, mud, ice, and
dust), and multiple tags can be read automatically and simulta-
neously from a distance;

• RFID tags can hold large amounts of data locally or be linked
through their unique code to data stored elsewhere. Further, it is
virtually impossible to copy the unique RFID code, ensuring a
high level of security; and

• hard-case tags can be placed inside products, such that they can-
not be lost or removed. Additional environmental sensors can be
attached to the tags, making it possible to also send environmen-
tal information.
With a RFID system, it becomes possible to automatically

collect real-time information about products and, if sensors are in-
cluded, their surroundings.

RFID Applications in Construction

Jaselskis and El-Misalami (2003), Sun et al. (2013), and Valero
et al. (2015) investigated possible RFID applications in construc-
tion processes. The use of RFID would provide new and more ac-
curate information about the location of materials than is currently
possible, and this would improve the visibility of products through-
out the entire construction supply chain. Managers could also keep
track of progress on site, thereby supporting daily managerial proc-
esses and increasing control during the realization phase of con-
struction projects. Overall, RFID could be applied in materials
management, construction site monitoring, safety management,
and maintenance and operations. Based on a literature review,
an overview of RFID applications in the fields mentioned follows.

Materials Management

RFID systems can provide information about the shipment of prod-
ucts, enabling more accurate logistics and monitoring of progress
during the realization phase.

Offsite Materials Management
RFID can be used to efficiently track materials in construction lo-
gistical and supply chains (Young et al. 2011; Razavi and Haas
2011; Sahin et al. 2017; Wang et al. 2017). Information on materi-
als can be stored on RFID tags that are attached to materials, and
the location of the materials can then be tracked by combining
RFID with geographic information systems (GIS) and Global Po-
sitioning Systems (GPS). Trucks equipped with RFID tags can
show the position of vehicles. Data can be collected automatically
during production and transportation. Knowing the exact path of a
shipment through RFID and GPS offers the potential to optimize a
delivery process involving multiple suppliers to a construction site
by increasing the vehicle-loading rate or by combining shipments,
lowering CO2 emissions.

Onsite Materials Management
On a construction site, RFID can be used to identify materials
and equipment, reducing confusion regarding arrivals of supplies
and their whereabouts at a project site (Wang et al. 2017). Jaselskis
et al. (1995) proposed such a RFID system to control the delivery
process at a construction site. Automatically identifying products at

the entrance gate would provide a real-time overview of which
products are on site and make it possible to use an automatic billing
system. Components would be equipped with RFID tags to track
their position at the construction site. Inventory control could be
done automatically using a RFID system, and such a system would
make it possible to locate concealed and misplaced materials.

Equipment
The work history of tools and equipment could be saved on at-
tached RFID tags, giving on-the-spot information about inspections
due, rental dates, ownership, and the person responsible for a spe-
cific tool or piece of equipment (Sun et al. 2013). Further, knowing
the time spent on locating and tracking tools and equipment might
suggest revising the site layout. Through RFID, workers would no
longer have to waste time looking for a specific tool, which cur-
rently can be a time-consuming task. RFID could enable the use
of automatic guided vehicles (AGVs) on project sites. These AGVs
could be used at large storage facilities or as delivery vehicles to
points of use. In this role, RFID tags would be used as path “cor-
rectors” for the AGVs, further offering information about the exact
location of products across a project site (Sun et al. 2013).

Waste
Using RFID tags, contractors could easily locate tagged waste ma-
terials and assemble them together according to the type of waste
(Sun et al. 2013). Contractors would also have accurate information
about the waste present at a specific building or site and then allow
recycling companies to bid on the removal of the waste and, later,
localize the different types of waste material inside a building. Re-
cycling companies would be able to access the information avail-
able online to identify the waste items in which they are interested.

Construction Site Monitoring

RFID can also be used to monitor progress on the construction site.

Progress Monitoring
RFID can assist in measuring the progress of every process by col-
lecting actual working hours and updating data on planned activ-
ities (El-Omari and Moselhi 2011). In addition, it can be integrated
with building information modelling (BIM) models to visualize
construction progress and identify delays in real time (Li et al.
2017). Further, RFID can be used to track various components.
Monitoring the status of materials on construction sites using RFID
technology is a useful tool in monitoring progress by enabling con-
struction progress to be compared with planning (Montaser and
Moselhi 2014).

Quality Management
The application of RFID technology could improve construction
quality in a number of ways (Sun et al. 2013). A RFID system,
with additional sensors, could monitor various aspects such as tem-
perature fluctuations while pouring concrete or laying asphalt pave-
ments in road construction. Having such real-time information,
linked to the strength characteristics of these materials, would allow
better optimization of construction and maintenance processes. A
RFID-based quality management application could be used to
collect data automatically for concrete specimen inspection and
management (Wang 2008).

Construction Document Management
The effective management of a large number of construction docu-
ments depends on the ability to extract and integrate information
from different kinds of documents such as design specifications,
drawings, schedules, and quality control reports in a timely manner
(Sun et al. 2013). RFID can be used to capture, archive, and handle
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construction information rapidly and accurately on construction
sites to support project management.

Labor
Workers could also be equipped with RFID tags to register the
working time and movements of the labor force. Here, RFID could
be used not only to control the operations executed but also to store
worker-related information, such as medical conditions, that would
represent valuable information should emergency services be
needed at a site (Valero et al. 2015).

Safety Management

Building sites have various kinds of potential dangers that could be
injurious to peoples’ health, such as hazardous materials, falls,
fires, and operating heavy equipment. RFID can be used in various
ways to prevent accidents (Sun et al. 2013).

Hazardous Materials
RFID tags could be attached to hazardous materials to keep work-
ers informed on the type and location of hazardous materials and
prevent accidental contact on site by allowing workers to identify
hazardouswaste and hazardous constructionmaterials (e.g., asbestos)
from a safe distance (Jaselskis et al. 1995; Sun et al. 2013).

Underground Projects
RFID technology could be used to improve safety conditions in
underground works such as tunneling and subway projects. For in-
stance, it could be used to monitor workers, operating status and
indicators, groundwater levels, and water pressure to protect work-
ers and the equipment operating around them (Sun et al. 2013).
RFID could provide an overview of the exact positions of individ-
ual workers and equipment. This would enable emergency services
to determine the exact location of someone or something in the
event of a calamity.

Fall Protection and Prevention
An alert system developed with RFID technology could issue a
warning when workers are approaching a guardrail or a boundary
where there is a dramatic change in elevation. An alarm signal
would be sent immediately if a worker got too close to an edge.

Avoiding Collisions with Heavy Equipment
RFID technology could be used to alert workers of potential contact
with heavy equipment in order to avoid accidents and fatalities.
Cranes and excavators are dangerous vehicles that can cause acci-
dents during the building process. RFID tags attached to workers
and equipment could provide warnings to workers that they are too
close to heavy equipment that is in active use.

Fire Evacuation
RFID can be used as part of a building evacuation system to obtain
the locations of workers and then rapidly calculate the most reliable
evacuation routes when a fire breaks out and send the information
to a mobile phone to reduce the number of casualties (Chae and
Yoshida 2010). In the event of a fire in a building, RFID could
guide people to the best location, optimizing the escape plan of
the facility. RFID could also be used to control access doors, en-
abling people access to certain restricted areas in the event of a fire.

Maintenance and Use of Buildings

RFID technology can contribute to facilitating the maintenance and
use of buildings through documentation management, building
maintenance, and monitoring the use of buildings.

Documentation Management
RFID can be used to document products that are used inside build-
ings. With the increasing concern about the origins of products in
terms of establishing a sustainable environment, property owners
are required to know the product life cycles of products used inside
their buildings. RFID can store this type of information locally on a
tag. RFID can further support as-built documentation by recording
the exact position of materials. Finally, RFID tags can contain
drawings and related information about buildings, providing infor-
mation to people during the utilization phase.

Building Maintenance
RFID technology is viewed as a promising method to effectively
improve maintenance efficiency. In this area, RFID technology can
work with other technologies such as BIM. Information on the sta-
tus of each component stored on RFID tags can be useful in mon-
itoring the condition of components (Ko 2009). RFID enables data
on building elements to be accessed over their lifetime (Swift
et al. 2017).

Use of Buildings
RFID, with additional sensors, can provide information about the
actual use of buildings, e.g., the current indoor climate, the number
of people inside the buildings, and the use of sanitary facilities.
With this information, the use of rooms and areas can be optimized.
When no one is using a room, heating, lighting, and ventilation are
not necessary, and the room does not need to be cleaned. A RFID
system, with additional sensors, can also be used to read water, gas,
and electricity meters, as well as meters for other industrial liquids,
from a safe distance.

Case Study Methodology

To explore the potential impacts of RFID in construction
practice, an exploratory multiple case study has been conducted.
The focal firm in this multiple case study is a subsidiary of one
of the largest construction firms in the Netherlands with an
annual turnover of €1.4 billion. Information about the potential
impacts of RFID in practice was obtained through case studies
of construction projects in which the same focal firm was the main
contractor.

Selection of Case Studies

The research was conducted at a subsidiary of a construction firm
that focuses on nonresidential construction for the healthcare and
public and semipublic sectors. To obtain reliable and valid up-to-
date information, the projects should not be completed at the time
of the research. Data collection took place during 2016. All projects
(except one) were planned to be completed at the end of 2016. To
determine the potential impact of RFID on different projects, a va-
riety of projects were selected (Flyvbjerg 2006) in terms of size and
location of the project site, complexity of planning and scheduling,
and type of contracts:
• Size and location of project sites: In comparison with projects at

small sites that lack room for temporary storage of products,
inefficiencies were expected to be present at large sites, includ-
ing large walking distances and time wasted through employees
searching for products.

• Complexity of planning and scheduling: It was expected that
having a tight schedule and, at the same time, many different
disciplines active on site would result in inefficiencies and in
a less controlled execution process.
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• Type of contract: It was expected that design, build, finance,
maintain, and operate contracts increase the importance of iden-
tification of products and product information.
Based on these selection criteria, five projects were selected

with different characteristics (Table 1).

Data Collection

Data from these case studies were collected in two ways. First,
documentation available at the construction firm and on the Internet
was used to gain a general understanding of the projects. Following
this, interviews provided deeper insight and understanding about
the projects’ contexts and the most relevant uses and impact of
RFID in construction practice.

Two interviews were scheduled for each project: one with an
employee of the focal firm (responsible for at least the construction
logistics of the project) and one with an employee of an important
subcontractor of the project (also responsible for at least their
construction logistics) (Table 2). The second interviewees were
identified by asking the interviewee from the construction firm,
after that person’s interview, for the name of an appropriate sub-
contractor to be contacted. It was explained that this should be
a subcontractor who could potentially benefit greatly from the im-
plementation of a RFID system in the project. It was expected that
the partially overlapping data from the two stakeholders inter-
viewed would give new and better insights into the project context
and the potential impact of RFID. Triangulation through the two
interviews, in combination with documentation about the projects,
strengthened the internal validity of the data used (Eisenhardt
1989).

The interviewee requirements were as follows:
• Years of experience in construction: more than 10 years;
• Availability: at least available for an interview and validation;
• Role/responsibility: at least responsible for construction

logistics;
• Project involvement: at least 6 months.

Each interview lasted approximately 1 h. The interviews were
recorded and notes were taken. A semistructured questionnaire was
used, and each interview started with questions about the project’s
circumstances. Thereafter, questions addressed time wasted at the
project site and the root causes of this. Then the most relevant uses
and impact of a RFID system were discussed. The findings of the
interviews were later sent to the interviewees for validation.

Results

Overall, the interviewees considered RFID as potentially having a
large impact on materials management, construction site monitor-
ing, and maintenance and operations of a building. The main ben-
efits identified are highlighted in Table 3.

Museum and Info Center Project

The identification of products or components requiring mainte-
nance (part of the contract for this project) using RIFD is high-
lighted by the construction firm’s project director as very important.
The project site is very large with considerable space available for
temporary storage of products. Moving items to other onsite stor-
age places when their current space is required results in significant
rehandling and mislaid products. Further, the project site was be-
coming disorganized, and it was difficult to locate products. The
lack of control regarding both the onsite arrival and the storage
of products was seen as a major problem, but one that could be
solved using RFID. Some products (e.g., plasterboard) were being
delivered too early and then prone to damage by weather or onsite
activities. To ensure that only “good” products were installed in the
building, RFID could be used to monitor how long products had
been stored on site and to minimize storage time. Identifying prod-
ucts and keeping track of their onsite location through RIFD in-
creases productivity by decreasing the time spent walking around
searching for items. RFID could also contribute to measuring onsite
productivity by monitoring construction progress. This monitoring
is possible through assessing RFID data about the time a product
arrives on site, the period the product has been temporarily stored
on site, and when the stored product was processed into the
building.

Area Development Project

In this project, RFID could add value because the contractor needed
to know the exact path of critical shipments in order to plan work
on a minute-by-minute basis. Given the large site, knowing the
exact location of key deliveries would increase control over the
delivery process. Maintenance is part of the contract for some
of the subprojects, and this requires fast and easy identification
of products and product information. Although product information
is stored in a BIM, this is experienced as too complex due to the

Table 1. Characteristics of the projects

Project Selection criteria Contract Type of work Location

Museum and info center Large construction site Design, build, finance,
maintain and operate

New construction, renovation Exurban, rural

Area development Large construction site Design, build, maintain,
not all projects

New construction,
renovation/rezoning

Urban area, inner city

Governmental agency Complex planning Build, maintain New construction Urban area, inner city
IT systems applications Complex planning Build, fit out New construction Urban area, suburb
Airport shopping center Complex planning Build Renovation Exurban

Table 2. Interviewees of case-study projects

Project Interviewee construction firm Interviewee subcontractor

Museum and info center Project director Project coordinator of finishing company
Area development Senior design manager Project leader of construction firm
Governmental agency Project leader and main site manager Main site manager of façade company
IT systems applications Main site manager Project leader from electrical engineering company
Airport shopping center Project leader Project leader of company responsible for interior realization
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many different layers and actors involved. The requirements could,
however, be met through RFID. One subproject involves the con-
struction of a flexible room layout with the ability to change room
sizes to meet project needs. Here, RFID combined with sensors
could obtain information about the actual size and climate of rooms
in order to adjust the heating, ventilation, and air-conditioning
(HVAC) installations to suit.

Governmental Agency Project

As in the aforementioned project, here the BIM models are expe-
rienced as excessively complex for the maintenance component
of the contract. Having accurate and up-to-date information about
the installed components is of great importance. The client wants
the building to be fully available, so real-time information about the
performance of the HVAC systems and the use of the building over
time is needed, and again this could be provided by RFID. RFID
could also add value by helping to ensure continuity during the
construction process by allowing the contractor to know where
shipments of products are and so estimate their arrival on site. This

project contains the obligation to obtain a Building Research
Establishment Environmental Assessment Method (BREEAM)
certificate. Although RFID could not contribute directly in this re-
gard, it could contribute to the evidence needed for a BREEAM
certificate by automatically mapping the shipment paths and routes
driven by trucks to the project site. RFID also gives the façade
builder the opportunity to store the maintenance history of the fa-
çade elements, facilitating easy access to maintenance records.

IT Systems Application Project

Four different companies of the construction firm are working on
this project. This creates confusion about the right addressee of
shipments coming to the site. RFID would add value because tags
can be read automatically, from a distance, and through layers of
packaging, making it possible to identify what is inside a package
without opening it and increase control over delivery processes on
site. Because many products are stored on site, some get lost or
mislaid, and a 10 m3 container was missing at one point. Many
deliveries are placed in the building and temporarily stored on

Table 3. Benefits of RFID identified by interviewees

Project Most relevant RFID use Problems RFID could resolve

Museum and info center
Project director construction firm Product life cycle information Enable fast and easy identification of components and

products during maintenance
Control delivery process on site Current lack of control over both delivery and storage of

products on site due to large space for temporary storage
Storage control

Project coordinator of finishing company Minimize storage time Products stored for a long time on site are prone to
damage

Real-time information on available stock No control over stock and loss of products on site
Locate products on site No information about workers’ onsite productivity
Monitoring construction progress —

Area development
Senior design manager construction firm Knowing exact path of shipment Improve critical planning

Control onsite delivery process Enable fast and easy identification of products during
maintenance

Product life cycle information Match HVAC installations to building use
Monitoring building use —

Project leader construction firm Product life cycle information Fast and easy identification of products during
maintenance

Governmental agency
Project leader and main site manager
construction firm

Product life cycle information Enable fast and easy identification of installation
components during maintenance

Monitoring building performance Insights, using sensors, into the performance of HVAC
systems and use of building

Knowing exact shipment paths Ensure continuity of construction process
Mapping shipment paths and routes
driven by trucks

Collect data needed for BREEAM

Main site manager façade company Product life cycle information Enable fast and easy access to maintenance records of
façade elements

IT systems applications
Main site manager construction firm Control onsite delivery process Receiving firm not always known

Locate products on site Products get lost on project site
Project leader electrical engineering company Locate products on site Much rehandling and loss of products

Control onsite delivery process Unnecessary time to identify and control incoming
products

Airport shopping center
Project leader construction firm Locate products on site Products get lost on site

Unique product identification Simplify material handling and reuse of products
Control onsite delivery process No control over goods receiving due to customs security

checks
Project leader company interior realization Locate products on site Products get lost on site

Unique product identification Difficult to identify products delivered by external
logistics provider
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the floor. Due to limited space, products often have to be moved
multiple times, resulting in loss of products and lack of storage con-
trol. RFID would add value by identifying the onsite location of
products. The subcontractor anticipates a quicker check-in and bet-
ter control over the delivery of products when RFID is used.
Currently, it takes a considerable amount of time to control all in-
coming products, reducing the productivity of onsite workers.

Airport Shopping Center Project

In this project, many products are delivered in great quantities to the
project site and require temporary storage. Due to the limited space
available, products are rehandled products get lost. RFID could add
value by locating products on site. Many products are decon-
structed, transported to a temporary storage facility, and then reused
later in the project. With the use of RFID, these products could
easily be identified at the consolidation center, during transporta-
tion, and at the site. The gathering of information through RFID
about the origin and composition of products would simplify
material handling and encourage the reuse of products, thereby
minimizing the use of new raw materials. According to the con-
struction firm, RFID would also improve control over the onsite
supply of products. Onsite transportation is handled by an external
logistic service provider, and it is hence time-consuming for the
subcontractor to identify products delivered to the site. Here RFID
would make products uniquely identifiable rather than only iden-
tifiable at the stock keeping unit (SKU) level (as with barcodes).

RFID as Technological Mediation

The literature review and interviews serve as the basis for a first
philosophical reflection on understanding the different roles that
RFID plays in the relations between humans and the world. It is
in the context of these relations that the impact of digital technol-
ogies in construction in general and the applicability of Ihde’s
model are discussed in the next section. In this section, the different
RFID applications are analyzed in terms of the human–technology
relationships specified by Ihde (1990). The various impacts of RFID
are categorized as hermeneutic, alterity, or background human–
technology relationships. In the case projects, none of the RFID
applications was interpreted as an embodied human–technology re-
lationship. In each relationship form, RFID also mediates certain
actions through invitation and inhibition, two of Ihde’s other key
concepts. By analyzing how RFID invites or inhibits actions, the
impact of RFID can be evaluated.

RFID as a Hermeneutic Relationship

In a hermeneutic relationship, in this case, employees turn their
attention to a RFID application in order to read and interpret
specific information that it provides. In a hermeneutic human–
technology relationship, RFID provides users with a representation
of a specific aspect of the world. Here, RFID provides information
about aspects such as time, location, materials, equipment, and
workers. This representation is then read and interpreted by a hu-
man. In situations where the RFID application presents information
requiring interpretation in order to provide some insight into the
data (Hogan and Hornecker 2011), an important relationship that
RFID users have with RFID will be a hermeneutical one. In a con-
struction scenario, this is especially the situation when RFID is
used for materials management and construction site monitoring.

Reduction and amplification of representations are key concepts
promoted by Ihde (1990) when exploring this user–technology re-
lationship. Here, the use of a specific RFID application will cause a
person to experience a certain aspect of reality (location, time,

temperature) that is amplified, while the experience of other aspects
of reality are simultaneously reduced. In materials management,
reading and interpreting RFID data, the hermeneutic relationship,
provide insights into the shipment status and location of a product,
an inventory of onsite products, the history of tools and equipment,
and the types and locations of waste. RFID improves the overview
of product inventory and reduces confusion about the location of
products. RFID may also have an impact on sustainability when
information about the amount of actual kilometers driven by sup-
pliers is provided. In construction site monitoring, RFID data pro-
vide insights into realized planning, the actual quality of materials
used, and the productivity of jobsite workers.

Ideally, RFID will also “invite” users to take certain actions. For
example, by providing the exact path that a shipment has taken,
RFID invites users to take actions to optimize the delivery process.
Once the logistic flows of products thus become visible, one can
optimize the flows by combining shipments or optimizing the
delivery schedule. RFID is expected to reduce the number of
kilometers driven by trucks. Time spent on locating and tracking
tools and equipment could suggest a different site layout. Insights
into the realized planning or the actual quality of materials used
could invite corrective actions. Registering the movement of work-
ers may also invite a change in operations. It is expected that the
hermeneutic user–RFID relation will have an impact on productiv-
ity in materials management and construction site monitoring.

RFID in an Alterity Relationship

In an alterity human–technology relationship, the technology itself
is the center of attention. Here, RFID functions as a “quasi-other” to
which users relate by obeying intelligent directions verbalized by
the device Hogan and Hornecker 2011). As mentioned in the liter-
ature, this RFID functioning, as a quasi-other, is particularly rel-
evant in the field of safety management. Here, the RFID system
functions as a quasi-other in preventing accidents through warning
workers of hazardous materials, fall risks, fires, and nearby heavy
equipment in operation. RFID can be used to give people access to
certain restricted areas in a building in case of a fire. There is a
mediation effect in that the RFID will influence users or direct peo-
ple in certain directions.

In the case study projects, onsite materials management interacts
with safety management. By providing information into the loca-
tion of products being stored and of heavy equipment, RFID may
prevent unsafe actions and situations arising at the construction site.
The first issue is that workers on large project sites tend to tempo-
rarily store products wherever they identify available space. This
creates an uncontrolled work situation: a messy project site and
therefore an unsafe one. Indeed, interviewees considered the safety
risks associated with workers tripping over something had in-
creased due to the amount of onsite storage. RFID as a quasi-other
can warn workers and so try to avoid accidents. In particular, in
safety management, RFID invites users to act in a certain way
and at the same time inhibits acting in other ways (Verbeek
2006). In these uses, RFID encourages certain behaviors by carry-
ing a script that guides workers in a certain direction (Latour 1992).
That is, RFID encourages and inhibits certain actions. This quasi-
other, or alterity, user–RFID relationship has a particular relevance
in safety management.

RFID in a Background Relationship

In a background human–technology relationship, the technology
helps shape the context in which our experience of the world takes
place, but it does not have a central role in the interpretation of these
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experiences. An example from the materials management literature
is where RFID enables an automatic billing system. Similarly,
RFID also offers the potential to use AGVs on project sites by pro-
viding automatic path correctors for these AGVs. In the field of
building maintenance and use, a RFID system, with additional sen-
sors, could optimize indoor climate and use of a building. RFID
provides unique product life cycle information, which is stored
on the RFID tag attached to (or embedded within) products.
The RFID tag becomes a data carrier. Regardless of where the prod-
uct is physically located, one is still able to obtain unique product
information. RFID provides fast and easy identification of compo-
nents and products during maintenance.

It is expected that real-time information about the performance
of HVAC installations and building occupancy, obtained more
frequently and easily through RFID, could optimize the technical
lifetime of such installations and increase building utilization. With
sensors, one can measure the indoor climate (temperature, carbon
dioxide levels, and humidity) and the building occupancy. With this
information, one can better tune the use of HVAC installations to
the building occupancy. In these applications, the RFID application
has a background role—it does not draw focal attention—but it
does condition the context of its environment (Hogan and
Hornecker 2011). This background user–RFID relationship has
a particular impact on a building’s efficient maintenance and use.

Discussion

The objective of this study has been to assess the applicability
of Ihde’s model of four human–technology relations by analyzing
the different roles of digital technologies in human–technology

relations in construction processes. It is in the context of these re-
lations that digital technologies in general, and RFID in particular,
in construction are discussed. The conclusion drawn from this
study is that, when analyzing the impact of RFID, the hermeneut-
ical and the background human–technology relationships predomi-
nate (Table 4). These two relationships are therefore discussed first
followed by the alterity and the embodiment relationships.

Hermeneutic Relationship and Digital Technologies in
Construction

In general, in a hermeneutic relationship, users turn to a digital
technology to read and interpret a specific representation that it
provides (Rosenberger and Verbeek 2015). Digital technologies
mediate different views by providing multiple representations of
different data in different forms. Here, RFID, as a digital technol-
ogy, represents data that require interpretation in order to yield
some insight into those data. Such a representation both reduces
and amplifies certain aspects (Ihde 1990): a specific RFID appli-
cation will amplify a person’s experience of a certain aspect of
reality (e.g., location, time, temperature) while simultaneously
reducing the experience of other aspects of reality. Ideally, digital
technologies such as RFID invite users to act in a certain way and,
at the same time, inhibit acting in other ways (Verbeek 2006). This
is particularly the case with RFID when digital technologies are
used in materials management and construction site monitoring.
RFID invites users to take actions to optimize the delivery process.
The RFID data on storage times and time spent on locating materi-
als might suggest a revised site layout. Further, insights into con-
struction progress and the actual quality of materials used could
invite corrective actions.

Table 4. RFID and human–technology relationships

Field of application

Type of relation

Hermeneutical Alterity Background

Materials management
(1) Off site Shipment path — —
(2) On site Overview of product inventory — Automatic billing
(3) Equipment History of tools and equipment — Path correctors for AGVs
(4) Waste Type and location of waste — —

Construction site monitoring
(1) Progress monitoring Realized planning — —
(2) Quality management Actual quality of materials — —
(3) Onsite construction document

management
Capture, archive, and handle
construction information

— —

(4) Labor Control of operations — —
Safety management

(1) Hazardous materials — Warning of proximity to harmful
material

—

(2) Underground projects (e.g., tunneling) Location of workers and
equipment

— —

(3) Fall protection and prevention — Warning when workers approach a
guardrail

—

(4) Collision prevention with heavy
equipment

— Alerting workers to heavy
equipment

—

(5) Escaping fires — Guiding people safely through the
site or building

—

Maintenance and use of buildings
(1) Construction documentation

management
Support provision of as-built
documentation

— —

(2) Building maintenance — — Monitor condition of
components

(3) Use of buildings — — Optimize use and need for
services
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This hermeneutic relationship also applies to other digital tech-
nologies used in construction. A BIM model, for example, repre-
sents different object structures and design representations and
amplifies the detection of design conflicts through clash-checking.
Reduction occurs because the representations present in the BIM
model are reduced to views that can be expressed using the avail-
able three-dimensional objects and properties (Turk 2001). BIM
components that are related to RFID tags will provide contractors
with data they can use to interpret construction progress. Laser
scanning technologies can provide contractors with data to verify
the precise location of building components, such as columns, and
also capture as-built construction details in preparation for rehabili-
tation work. GPS technologies offer contractors the ability to verify
locations. BIM “invites” users of different disciplines to enhance
the design process by enabling them to modify their own object
designs while taking possible conflicts into account.

Background Relationships and Digital Technologies in
Construction

RFID also functions in a background human–technology relation-
ship by helping to shape the context in which human experiences
occur but not having a central role in our interpretation of the ex-
periences. The background relationship with RFID has a particular
impact when it comes to building efficiency in maintenance and
use. Through faster and more accurate product identification, RFID
could improve the efficiency and quality of maintenance. Real-time
information about building occupancy, obtained through RFID,
could increase building utilization.

The background form of relationship also exists with other dig-
ital technologies in construction. As with RFID, IoT, the integration
of information technologies, Internet infrastructure, and other tech-
nologies permit the location and tracing of physical objects. IoT
improves communication between devices and creates an intercon-
nected world of things and services (Gubbi et al. 2013). These in-
telligent environments consist of a “continually communicating
network of devices that are permanently in contact with the envi-
ronment and respond to it actively and on their own initiative”
(Verbeek 2009, p. 233). Typical for such environments is their
“total or partial invisibility” (Verbeek 2009). These intelligent envi-
ronments “are going beyond what Ihde calls the ‘background re-
lation’ because they actively interact with our behavior, most
often without us explicitly noticing it” (Verbeek 2010, p. 53). Using
the terms of Ihde (1990), Verbeek (2015, p. 219) depicts these re-
lationships as Human ↔ Technology/World: information technol-
ogies merge with the environment and interact with their users.
Intelligent environments are explicitly used to influence human ac-
tions. In terms of Ihde (1990), these systems mediate certain actions
through invitation and inhibition. Avariety of smart technologies is
used to guide users and to produce particular outcomes. As an
example, intelligent transportation systems (ITSs) guide users
through a traffic network. These technologies try to persuade peo-
ple to act in a certain way.

Alterity Relationships and Digital Technologies in
Construction

In some respects, RFID users have an alterity relationship with
RFID. In this type of relationship, the RFID functions as a “quasi-
other” to which users relate by following intelligent instructions
verbalized by the device (Hogan and Hornecker 2011). In this
form of relationship, RFID invites users to act in a certain way
and at the same time inhibits acting in another way. For RFID this

is particularly the case when it comes to safety management
applications.

From a learning perspective, almost all digital technologies in
construction involve an alterity relationship. Using digital technol-
ogies starts with being instructed: it is only through contextual
learning that users acquire skills and know-how (Dreyfus and
Dreyfus 1996). Learning to use digital technologies involves prac-
tice (Tenner 2003). Ideally, users gain the skills and expertise nec-
essary to deal with digital technologies in an unreflective way. In
Heidegger’s terms, digital technologies become ready-to-hand as
they gradually blend into the totality of shared practices (Riemer
and Johnston 2011) and users no longer need to reflect when using
them. This is the case when digital technologies are no longer a
technology that can only be used by following instructions, as
in an alterity relationship, but have become ready-to-hand in one’s
everyday practices. Users “embody” digital technologies: they have
gained the skills and expertise necessary to work with them in an
unreflective way.

Embodiment Relationships and Digital Technologies in
Construction

RFID applications can also be seen as involving an embodied
human–technology relationship. Such a relationship exists when
RFID devices are experienced as natural extensions of the body
and are integrated into routine behaviors, such as using portable
or mobile handheld RFID readers. Mobile handheld RFID readers
are equivalent to the ready-to-hand hammer, the famous example
Heidegger used to explain his philosophy (Dias 2006).

This embodiment relationship can also occur with other mobile
digital technologies in construction. iPads and smartphones (in-
cluding RFID functionalities) are other examples of ready-to-hand
tools that changed construction project management regarding the
way information is accessed, utilized, and shared (Sattineni and
Schmidt 2015). With tablet computers, information can be col-
lected, updated, and accessed automatically by users where and
when needed. New mobile digital technologies are integrated into
project management and offer new possibilities for direct access to
information at construction sites (Harstad et al. 2015).

Another interesting technology in this respect is Google Glass.
Google Glass uses the embodiment relationship to “augment” hu-
man perception by providing an additional layer of information
(Verbeek 2015). This technology adds a second layer to our world,
which is often referred to as “augmented reality.” In such an
augmented reality, technology reduction and amplification are
combined in two parallel relationships: an embodied relationship
and a hermeneutic relationship. In addition to the embodied rela-
tionship by looking to the world “through” the glasses, Google
Glass also offers a representation of the world, i.e., a hermeneutic
relationship (Verbeek 2015). As such, technologies like this offer,
not one, but two parallel relationships with the world: (Human–
Technology) → World and Human → (Technology–World). Ver-
beek calls this a relation of augmentation.

Conclusions

The focus in postphenomenology is on understanding the different
roles that technologies play in the relations between humans and
the world (Rosenberger and Verbeek 2015, p. 31). In this study,
the objective was to assess the applicability of Ihde’s model of
human–technology relations when analyzing the impact of digital
technologies on human–technology relationships in construction
processes.
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An important relationship that users have with digital technol-
ogies is a hermeneutical one: digital technologies represent data in
a certain modality, and this requires interpretation in order to yield
some insight into those data. By representing data in a certain way,
digital technologies have the capacity to transform a perception
through amplification and reduction: RFID (particularly in materi-
als management and construction site monitoring), BIM, laser
scanning, and GPS amplify a person’s experience of a certain as-
pect of reality (such as location, time, or temperature) while simul-
taneously lessening the experience of other aspects of reality.

Digital technologies function also in a background human–
technology relationship by helping to shape the context in which
experiences occur while not playing a central role in the interpre-
tation of the experiences. RFID in a background relation has in par-
ticular an impact on a building’s efficiency in maintenance and use.
Internet of Things also functions in a background relationship but
goes beyond this relation because IoT interacts with its users
(Verbeek 2010). These intelligent environments are explicitly used
to influence human actions. Digital technologies merge with the
environment.

In an alterity relationship, digital technologies function as a
“quasi-other” to which users relate by following intelligent instruc-
tions verbalized by the device (Hogan and Hornecker 2011). For
RFID, this is particularly the case when it comes to safety manage-
ment applications. From a learning perspective, the alterity relation
applies to almost all digital technologies in construction. The use
of digital technologies starts with being instructed. In terms of
Heidegger, digital technologies become ready-to-hand in one’s
everyday practices when they can no longer only be used by fol-
lowing instructions, as in an alterity relation.

Digital technology applications can also be seen in terms of an
embodiment human–technology relationship. This is the case when
these technologies are experienced as natural extensions of the
body and integrated into routine behaviors. Mobile handheld RFID
readers are like Heidegger’s ready-to-hand tool of a hammer. iPads
and smartphones (including RFID functionalities) are other exam-
ples of ready-to-hand and embodied digital technologies. Google
Glass even offers two parallel relations with the world: the embodi-
ment and the hermeneutic relation. Verbeek (2015) calls this a re-
lation of augmentation.

The objective of this study was to assess the applicability of
Ihde’s model of four human–technology relations by analyzing
the different roles of digital technologies in human–technology
relations in construction processes. This postphenomenological
framework adds to the intentional relationship between subject
and object (as in phenomenology) the fundamental mediated char-
acter through technologies. Assessing digital technologies in con-
struction in the context of Ihde’s relationships provides new
insights into their impact.

Data Availability Statement

Data generated or analyzed during the study are available from
the corresponding author upon request. Information about the
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